Scholars' Mine
Professional Degree Theses

Student Theses and Dissertations

1908

Copper smelting in a rotary furnace with pulverized charcoal
Elmer Cooper Heck

Follow this and additional works at: https://scholarsmine.mst.edu/professional_theses
Part of the Mining Engineering Commons

Department:
Recommended Citation
Heck, Elmer Cooper, "Copper smelting in a rotary furnace with pulverized charcoal" (1908). Professional
Degree Theses. 96.
https://scholarsmine.mst.edu/professional_theses/96

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Professional Degree Theses by an authorized administrator of Scholars' Mine. This work is protected
by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the
copyright holder. For more information, please contact scholarsmine@mst.edu.

*;,

COPPER SlG1LTING I!:T A ROTARY

:~ ~~~ :~:

-~

FURN.\Cn~:"~·~·" .," ... -. : .

WITH

~

PULVERIZED CHArtCOAL.- .

-- ...

......

...

.

. ....

.. -

~

...~

...

.,

..""

..

&-

._- •

-

-.

-

......

"

"rhia process is in use at the Verde Grande Copper CODlp'Briy ' i( Pl~nt,

located thirty-two miles north west of Hermosillo in tne state of
Sonora, Repub1.ic

oi~

Mexico, and is yet experimental.

The process is, in general, as follows: The Qre and lime-rock
kre crushed to pass I" bar openings and stored in bins to be used when
noeded, the charcoal ·to pass 3/4" to I" openings, and the slag ·broken

to from 2" to 3" size.
The charge is made up of ore, lime-rock, cha.rcoal and slag
by weight and dumped into a

the furnace.
~ng

cIlarge 'bin just above the charging door of

From the bin the prepared mixture is charged into a rotat -',

furnace through an iron chute.

~he

smelting is done in this

~otating, cylindrical, fire-brick lined furnace, of 2 I/2

Ly 3ton capacity,

by pulverized charcoal ground in a tube mill to such

.. fineness :that 96 per cent will pass 100 mesh screen.
~harcoal

!

to apprextmate-

The pUlve-rized

is blown into the furnace through and by means of a blower under

~ little leas than
~)ccasional

r/2

o~ pressure.

The charge is smelted, with

rabbling, through a small door placed in the charging door,

.n approximately

3 r/2

hours.

When the· rotating of the furnace is stopped the furnace, which
·tests

~t

in a steel frame) the frame being supported 'by trunnions, 80!Ue8iui1ar to a converter, ia then tipped down for the settling and

lollect1ng of copper at the tqp hole.

After approximately ten

ime i8 allowed tor settling, the furnace is

t~ped,

min~tes

running the copper'

nto moUl•• fo~iBg bars of 93 to 96 per cent fineness ready for shipment~

8284

The slag is run into pots where it is allowed to chill, having su1-ricent
pots to hold one furnace charge, and then wheeled to a near:
•

dwuped

",. S

ot"

.... q ',",

..

dump,

"by

~,

:

.......

out of the pots, 'broken up and thrown over :i"'ilf:l:"huhiY. :'Ey -tn-ese

means, considera"ble copper, which settles to the bot;~:9~','O:j;""'th:~i:"i?oti)t ' is

saved.

More time is not given to the ;furnace

t~~;:'l'..e-t;t~ing ..\'lhe..c:·.r.di~iiol!
'"

is stopped on account of the "blast melting off" or

the slag Which adheres to the brick long

~nough
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th~ ··d~a.in·ing· off all

during rotatiQn, to

protect them, such seems to considerably increase the time of the use of
the brick in the furnace.
The patent of this class of

~urnace

18 owned and the furnace

is manufactured by The Miner. Smelting Furnace Company of New York.
The mines from which the ore is taken for Smelting are owned
by

the companygnd consist of three separate workings from a mi1e to a

mile and a half from the plant.

about an equal haul

~rom

The plant i . so located as to give

the three workings.

The workings are the

Verde Grande, Cobriza, and Verde Chico.
OJ:a:

The ore 1s practlca11y :free trom Smelter interfering elements
with the ,exception of some of the Verde Chico
Arsenic and Anthfiony.

or~

which contains

On account of these elements entering the copper

bullion to aome extent, the copper bullion produced was proportionate1y
lower in finenesf...

Such ore \Vas uaed in smaJ.l amounts in charge, thus

working up the objectionable ore and avoiding as much as possible the
penalty on bullio. when sold.
The Verde Grande carries 1e86 than one per cent ZN.
The ore consists of some oxide of copper, though most of the
copper 1a in the fonm of carbonatee, as Azurite and

~lach1te•.

The s11Ter is part native; and part cerargyrite, the latter
greatly predominating.
The gold is in a free state.

The ore is decidedly "spotted" in silver and gold and foi such reason
difficult to get an average s,unple.

OCCUFamlCE OP ORt;:
..

.

..

~

~

gangue, twenty-five to one hundred :feet from a. gra.ni·i~~:~_i~~·~·cc.ntact.

This applies especially to the Verde Grande on which cons1derable development work has been done and several thousand tons of ore
blocked out.

The workings ••nsist of a tunnel with cross-cuts and an upraise.

Tl1e tunnel cuts the ore body securing about two hundred feet depth.
The Cebriza has only surface workings and such has exposed small
but rich deposits.

The Verde Chico is near and somewhat similar to the Verde
Grande though the latter carries no Arsenic or Antimony.

surface

ViO

Considerable,

rk has 'been done on this property.

Sulphides will

prob~bly

be found with depth, as a property

thirteen miles to the north and one seven and a hal:f to the south with
similar surface showings have 6ulyhides at about four h.undred and fift.y
feet depth and one

lu~ndred

and seventy-five feet depth respectively.

The country :cock has been cont>iderably -broken up and in the
ba81ns of the folded lime which are comparatively 20ft and somewhat

shattered, occur the copper deposits.
The three workings lie in the same mineral belt extending north

west and south east.
The ore is mined and trammed to bins near the workings at the
Verde Grande and ex> briza, :from where it is hauled to the Smelter in
large wagons of four to six tone capacity, drawn by twelve mule

te~.

These workings are reached by a go,tJdwag'on road. 'The "erde chico if:
reached' by'burro trail ov..er which the ore 1a packed by bur:cos to the
3me~ter.

4,

The delivery·of all ore is paid for "b:r" weight.
The lime rock for

fl~U(

is quarried near the Smelter and haul-

ed in carts.
The ore is stored in bin. or piled on the dump above the 3melter
to'be used as needed.

As there are from four to five consecutive

months of dry season and cheap Kexican labor 18 available, storage

bins are

an important factor.

no~

CHARGE:
b~&ck

Aa

.epper Tarying from 93 te g6 per oent tine i .

produced in the furnace, at one

oper~tion,

the 81ag calculation is a

Tery 8imple matter, merely balancing the SI02,

no

and CAO in the

proportion that will effect the greatest saving, and a180 oommensurable
with the capacity and ratio of available ores.
The slag was calculated for the following ratio:

:no

CAO

44

I8

28

Olm

.Alf.ALYSI S :

8102

3I02

CAO

Verd.e Grande

I1.5

22.2

Cabr1,za

IO.2

20.0

I.3

40.0

L~e

Ylux

IB.I

.AL203

3.0

ea1culating ~.r slag of the abOTe ratio, it 18 found that 2/3
Verde Grande to 1/3 Cobriz& 1. the proportion, and for a charge there is
use for 3740 lba. of Venle G;r:"&J1de to I86B 1"b8. of Cobri,za with 220 lba.

of liae rGck tor

.lag

~lux.

Ilag aad Charcoal ".are alao use4 in the eharge,

to assist raa1oR. etc, and tae charooal to reduce the copper OXide,

whiCh tenma •• the di8a88ociatie. of the carbonatee by heati preTent1ng
the c.pper from entering the
It

Wall

81ag . .

the oxide &ad causing copper

ueumM. 1. tAe al.ac calculati•• tAat the !I02,

of the slag wou14 aum up to:"9tJ'p-'#er ceftt.
analys1. to be practically correct.

1028.

no,

CAO

This was after proven by slag

The following tabl.e was :found convenient both in checking slag calculation and changing charge to

diff~rent

81.&1 ratio of 6I02, FEO, and

Cao.
Can also be Ui::ed. in a tentative way for slag calculation.
lbs. ore,

Ore

4'310 N' )

/0

lbs. SI02,

%no,

lbs. FEO,

%CAO, lbs CAO.

Vercie Grande 3740

35.I

I313

19.3

654

23.2

868

1868

39.0

728

10.2

I91

20.0

374

Lime-rock fl1..1.x220

lB.!

40

I.3

3

40.0

88

t)orfC.XII

---

Cobriza

----

5 Ef2b#

4J

84}3/f--

---...-..

_..........

208I SI02 ylus 848 ]'EO plua I330 CAO equals 4732 Ibs. of' Sio2,

1330#

no

and

Since thi2 is 90% of the sla.g, 4732 divided b~r V01~

Cao in tile slag.

equals 4732 1"08., weight of slag per charge of' 5828 lbs. of ore and
:flux of lime-rocl, •

Then 208I lbs. 01" 5102 divided oy 4732 equala 44% 8102
848

It

I330

It

" no

"

ff

4732

"

18Jt

"

n

"

4732

II

28% CAO

CAO

FED

The ash from cllarcoal "being small was neglected.
~ote:

The FEO,

~y AL20~

AL20~

and CAO occuring with garnet, a large part especial-

and CAO are in combination with the Silica in the

fo~

of a

Silic&te, hence the high slag ratio to the pound. ot charge.
The :following :full charge was made up.

Pounds.

Verde Grande ore

3740

Cobriza

I!68

Lime-rock

220

Slag

I65

Charcoal finea to I · size

I65

A large excess of charcoal was used to insure total reduction of copper
oxide. while this amount 18 greatly in excess

Q~

the theoretical

";;

amount necessary to redU~
...h.:.• copper oxide present in the charge, a
aerie. o-r experiments v~~,~he amount of charcoal, other conditions

6.

rerna1.ning the sf::';je, gave the l)sst results :rro!l1 the above l)rOportion ,
the

a.~ount

of charcoal.

"f

ar'ied with the

~m·:)unt

of coppe r in the charge,

the more copper in charge the more charcoal is needed.
The charcoal also seryed as a reducing agent for the silver
chloride.

All the charcoal is not available for reduction as some is

burned and some 1s consurn.ed by tile lir:te rock.

The charcoe.l is -11

I:dxed with the ore in the charge by the rotation of the furnace thus
givl!1g f'avorable condi tions for reduction, -being "brought in contact and

thoroughly mixed wi th the ore.
'.i~.le

to "Toli tilization

This pro'bably preTents 1088 0'£ silTer

of silver chloride.

The low blast 1)oing less

than I/2 oz. pressure is also favorable to lessen

loss by T.litiliza-

tion and flue dust.
Time for treating a charge and Charcoal used:
Under the most favorable conditions it will take four hours to
charge furnace, smelt, and diecharge; each charge being the maximum
of" 2.8 tons of ore,.
and

tqppin~

Allowing thirty minutes for charging, rabbling,

would leave three hours and a

charcoal feed.

hal~

of continuous blast and

Using 8 l'bs. of charcoal per minu:te would require

ISBO Iba. of charcoal per 2.8 tons of ore treated, or 600 lhe. per ton.
Proportion

o~

Charcoal to air in blast:

One pound of charcoal of 80% carbon, feed into furnace, with
blast, through the blower requiree theoretically, for complete
combustion or to burn all C. to C02, about l22 cu. ft. of a.ir; to burn

all C to CO about 6l.cu. ft. of air.
With lOO cu. ft. of air delivered
~or

pe~I

pound of charcoal}

8 pounds of charcoal feed to the furnace per minute, would be

required 800 cu. ft. of air per minute.
The blower delivers just a little more than 800 cu. ft. of
air at I200 revolutions per minute.

This gives theoretically a fairly

strong reducing atmosphere And in connect1an with the 165
charcoal in charge, has been found to work

Note:

No oorrection was made

cu1at1ng proportion of

~or

charcoa~

of

1~6.

satisfactori~y.

altitude and temperature in cal-

and air.

A higher proportion of air might give a. higher heat but the
reducing atmosphere would become more feeble in proportion,

80

the in-

crease.
SLAG:
While a basic slag
by

be1~g

more

~u81ble

s~lts

more easily and gives larger tonnage

and running readily, it haa a

reducing

~eeble

action and though by such action giving a pure blaek copper
free from irQft, which ia desired, these conditions may be

a~ost

dear~y

bought.

A mQre acid ala.gand. a. more powerful reduction in the furnace
lessens the 105s of copper in the slag a8 CU20 and is more than enough
to

co~pen6ate

for the reduced iron which

~y

enter the black copper.

The silicious slag 1s also lighter thus giving a better
separation of the slag and metallic copper.

The average in per cent of

SIO

CAO

~

AL203

eu

ZNO

HGO

F~O

UNO

alag is as follows:
.AG

The ore treated averaged:
8.73

%CU,

II.66 oz. AG per ton, 0.055 oz • AN per ton.

Giving a saving ef 86.4% CU

92.3% .lG

98.0%
Aa 5828 Ibs.
4732 Ibe. of' slag,

or

AN

ore, neglecting the lime-rock, will give

a slag of' th1. ratio assaying e.9 oz. ag per ten on

I1.66 oz. ag per ton ore gives a loss ot age 1n the slag

a 8'aving Qf 93.8% 9f the silver.
ing

%.5% ag

1088

o-r

6.2% or

92.3% 8'£ silTer was saTed thus leav-

due to Yolitilization and mechanical cause.

The :flue

8.

dust loss is very low due to low 'blast.

The

aver~aee

![O2

F:lO

CAO

44.8

17.8

27.9

in

%of

Yell, slag is as follows:

eu

AL203

6.6

0.52

ZNO

1.3

MGO

:MNO

AG

AN

0.6

0.4

0.8

tr.

The ere treated averaged:
6.3% CU,

8.5 ez. ag per ton,

0.034 oz. An per ten.

~aYing in CU 85.5%

AG 90.0%

.AN 95.8%
Though the average ef the Mah• • la~ 18 clGs8 t. that of
b~r

~,

adding an ore higher in Silica) so:me charges were run up much higher

in Silica tha.n the avera.ge, and then by changing to a Hore basic Gre
the Silica rfi.n a.s low as 42.5,%_
It appears that the a.verage 10s6 in value in sla.g is about
the smne as the above

c}~r£eai

but on a low grade ore the per cent of

105s ie correapondingly increased, as the ore decreases in value, with

the sa,me per cent a.d oz .• loss in slag as on a high grade ore_
The :following is a number of analyses of' slag during }.(arch.:

%8102

jtFEO

%CAO

%eu

46.8

18.0

27.5

0.46

46.4

18.4)

26.8

0.45

46.7

1?3

26.7

0.49

48.2

15.3

26.0

0.54

48,,8

15.2

25.9

0,.7.

47.6

15.5

26.6

0.65

47.0

I5.2

2?~3

0.53

47.7

15.4

26.1

0.54

42.8

19.3

28.5

0.42

9.
Anal:rf.: es of

~"
__

1

·c ,~
,,_Cl,.l~..,:.

(1.1:;

[:ng

M;.:;re}l,

i :r.~, \.'. 12 d )

( C [) 1,1 t

%CU

%8102

%FEO

42.5

I9.6

28.5

0.43

42.8

19.2

28.7

0.42

43.5

I8.6

28.8

0.43

43.5

18.4

28.9

0.43

42.0

I8.9

29.2

0.36

42.1

19.0

29.4

0.38

43.0

19,,2

28.6

0.42

43.1

lB.?

28.8

0.44

42."

18.5-

28.9

0.36

%CAO

I

43.5
Ie.2
29.0
0.39
The high silicious sla.gs did not give a liquid fusion, were
thick and ran slowly, also considerable mush slag was drawn at the
t~ped.

last when the f'urna.ce was
In301.

SI02

61.0

53 .. 8

The "mush" slag analyzed as

no
11.1

CAO

eu

22.9

2.0

~o

II.we:

This slag which a.mounted to ahout 200 Ibs. per charge was

recharged, f'rom time to time, with a' charge giYing a. more 'basic slag,
which worked satisfactorily, givine a good fusion and a clean slag.
Slags containing oyer 45% 8102 did not yield to acid treatoent
but had to be

~u5ed

with NA2C03 for accurate

dete~ination8.

A fusion

was nade on the 8102 of a. slag of the following ratio:

SI02

no

CAO

43.9

I9.4

25.9

43.2

0.2

0.4

gaTe by :rue ion

Al1 ere8 fer accurate SI02,

had to be tused. as part of the
the 8102 as Silicates.

no

~.

and CAo alee A1203 determinati•• ~

.CAO and AL203 are combined with

Charges tor this reason being high in SI02 and

CAO ala. havibg 5 ~. 6% AL203 are difficult to fuse.

rD•
.A PRIL SI.lAGS:

tp t. date tlteee
SI02
42.0

FEO
19.6

The slag flows

analyz;ed as :follows:

Bl"~8

CAO

eu

28.8

0.4

read11~nd

is then of eufficent ligllt ep.g

to giTe a good separation.
Slags running as :follows:
S102

F:EO

44.0

18••

CA.

28.8 with a high heat gaTe as lew as .28% CU

in the slag.
'The.retieall,. this appreachee Tery

nearl~r

the ideal conai tieD"

as an excess of' charcoal was used in blaet in attempting to get a high
heat for considerable time, thu5 giving a etrongredueing action with
a silicious slag.

The 'blower was alao run at greater speed.

How8ver t

such was anything but ideal from a commercial point ef view.

All conditions being considered, it is foulltd that the ratio:
5I02

~

42.0

20.0

cally though

commerci~11y

CAO

28.0

giTes the best aatiafaetion metallurgi-

such is not always possible.

The recordeehow chargen run on the following ratio in the slag:
SI02

~O

CAO

36.0

33.0

12.0 the slag ran ~rom 2 to 3

some ca.ses no cepper was preduced.
doubt, t. lack of

and in

The latter eondition was due , no

su~ficent dit~erence

the slag, due to high iron in slag.

%eu

of sp.g between metallic copper &

The ronner conditien te giye a

separatien was pr.bably due to lack of eufficent reducting action in
the :rurnace.

II.
]'URNAC}~.

FU:lL FOR

The fuel is pulTerized charcoal, the charcoal is obtained

by

burning

iron wood and TIesquite in adobe kilns.

The wood i3 cut and delivered by Mexican ranchers and is paid
for by weight per cord.
The weight of a card

o~

each kind of wood was found by

C1QS8

piling of' exactly a card o:f wood, by meaeure, and then weighing same,
giving :ror jron wood 4400 Ibs. and :ror meequite 3600 l'bs.

By these

meane the cost wae saTed of piling the WGcd for measurement which in
careful work 121 no emaIl item but cheaper by far than paying for we.d
loosely piled, the sticks being creoked, also the business relatiene
with the

~xlcan

woed men proyed more satisfactory.

The wood consists of sticks 2- t. 2 feet in thickness and 18
p1led as closely as possi'ble consistent wi th rapid work in :filling the
kiln, the crooked. 8t~'cke being cut eo eLe to take up as emall amount
of space as possible.

with a three

1e the'

~.ot

charcoal.

wood.

segment fer a roor.

greate~amount

with rapid work.

The kilns are I2 :ft. by 50 :ft. by IO_.6.ft.. high

With a 56 cora space. 48 cords

of w.od that can be piled in the kilns consistent

This amount

or

weod yielde about 35 to 36 tons ef

~~he wood is burned in the ra,tio of 10% mesqui te to 90% ir••

A cord of WGod yielding 1500

1.8~

of charcQal weighing about

29 los. per bushel.
Kilne:

The kilns are 50 ft.

by 12 ft. by IO.6:r~ witk a three feot

segment for a roof' making about 12

t'~

in htJ;ght.

There are two kilns

completed. and two 'being built.

The kilns now being built are

er

the same dimensions but haTe

a .emi-circle tenmed reo! which will lesseR

walla an4 decrease their tendency t. crack.

ta.

pressure en the 8ide

The kilne E;tre built of adobe 'S'}!1 drj.ed "brj.ck and adolle mUd, on a rock

foundation.
brec~d

The walle c;.re 18" thick and the roof Bit.

The kilns are

with nine 8" by 6" posts set at the side and tied at the top just

01) ove t?e ro of wi th r/2 tf 1 ron rod e e~n d hO.oke .. ·,

At the bottoru of' the kilns there are, on ea.ch side, eight
6" by 6" openings and two in each end, while five feet from the botton

there are eir;ht 2 I/2" round cpeninge a.nd two in the end, while fiye
feet' aboTe these there are the came number "dodged" in posltion.

gard to the former, these
burning by stopping them

~re

in

l~

In re-

for draft and to control the rate of
ca~e

of too rapid burning_

There are three openings in the top of the kiln B" by B".
:fILLING TKI KII...N'S.

Just l..tnder each opening of the top the wood is built up ()f"

large at ieks in the ferIll of' a crib about I 1/2 f't. b~r I 1/2 ft. square.

The woed is pi1ed in the beginning at one end and working to the other
end a8 the kilns s,re fi11ed.

s.re reached.

The crib work is

·b~".ilt

up a.s the openings

Thie crib or chimney extends from. the floor to the roof

under each opening, in the

roo~.

When

~ull

the doors are stepped up

with adobe brick and adobe mud and later when dry are plastered over

with mortar.
FIRING TO KILBS.

When the kilns are filled and the doors closed up, fire 1s
dropped through the openings of the roof to the floor inside the
eh1mney or crib where it ignites with the kindliftg previeusly placed

at the b.ttom
is we11 begun.

er

the

cri8~

In about two houre the burning

o~

the wood

The draft which governs the rate of burning 1s controll-

ed by eloslBg the 2 1/2" opening on the eidee and end8 of the kiln8~

At the bett.m, on sides and ends the 8- by 8- openinge are closed just
ae

800R

aa the first aehes appear.

All openinge are ready to be

air tight wi th adobe and adobe mud when the bottom

e:pen1n~s Z.. !"C

clofi~:d

clofJcd o

The alov; fire wi th drafts carefully

!'egt~l,,~ted

'burns for a':>out four days

and then all openings are closed air tight and after drying are plastered over two or three timee with mortar

~rom

time to tune to ineure the

In at-lout ten days , t:he fire is 5I..'1othered and

kilns being air tir;ht.

the charcoB.l is ready to be t£.ken out and epread to cool in the charcoal.

yard.

In case the

~ire

has not Deen completely smothered and etarts

into a blaze on opening the ki1n, it 18 put out with the enallest
amount

coal is
l

o~

A small amount of water used after the char-

water p08Bible.

th.roug~y

dry does not seem to enterfere with the subsequent

effective burning of' the charcoal in the furnace.
unburned pieces

o~ lar~e

sticks

o~

The fire brands or

wood are piled into the next kiln

which ie f"illed.

When the chareoal 1s cool, it 18 ready to be hauled to the
charcoal eterage room w!lich 1s 60 ft. by 3. ft. by 25 ft.
~111e.J

a8 in caee

o~

It 18 DeTer

epontaneOU8 combustion due to the tine dust

aceu.;TIulatine, it is neces6hr"Y to die down to the place of the tire and
put it out.

lI..A..TCIlfG O:r ADO:Y BRICK.

The8e bricks are made of adobe earth mixed with water to the
consistency of a medium stitt' mUd) mixing in two or three hands full .• £"
dry gra8e or straY t. each

into a wooden mould 4"
on top by hand.

b~t

br1c~

for binding.

Tney are then ehoveled

8" "by 18" and preeaed down and smoothed otf'

The wooden frame contains three moulds.

18 caretully remOTe• •0 ae not to break the brick.

The frame

!he bricks are left

until Burticently dry, Which takes about 1/2 day, to set up en end for
more rapid drying.

A~ter

this ifl done in three days

sun shine, the bricks are ready to use.

.~

dry weather and

!he adobe mud, used as mortar

in l'Y1ng the brick, 1e ma4e by screening the adobe earth

II.·

thr~ugh

a

screen rejecting the part that 1s too coarse to pass the screen.

The f:i,.ne la.a.terial is

~ixed

with water to the riGht consistency Ylhen

ready for use and the adobe bricks are laid in the luud.

Such make

fairly strong and lasting walle.

A good adobe earth is

11~lt,

consists of a fairly good clay

that will give adhesion with little or no iron oxide and enough sand
and gravel to prevent cracking.

VALlT.I 0)' TH:I
One cord
fi~ty

o~

FROll CHARCOAL BURNING.

BY~PRODUCTS

hard wood will yield by dietruotiTe distillation

buehels of charooal.

At $30.00 a bushel, 10 gallone of alcohol

(cr1lde) conta1!11ng Acetone, 200 lbs. of acetate o'f lime) and about
20

g~llons

of tar.

This will give a gress Talue

~or

the by-products,

excluding clu:rcoal, of about $9.00 a nrd.

CRUeHING 01' OHARCOAL.
The charcoa.l iSinow crushed to about :3/4- te I- size by
Xextean laborers with a kind of

t~npine

bar with a broad heavy circular

flange on the tamp1nc end about five feet in diameter.
necessary

untl~

the

prel1~inary cru~her

Such wcrk 1cing

arr1Y6S.

A ecreen teet of the charcoal paeelng through a pUlverized
cr~6her

has been made and 18 given below.
The preliminary crueh in conjunction with the tube mill will

pulverize oyer 2. tons

.r

charcoal in

twenty-~our

houre and such is

more than ample to keep four furnaeee ruftning.
PULv.ntIZINO IN TUB:! lULL.

!he char.ea1 orushe.

by

hand ie now earried up t. a bin and

dumpeel, rrem the b1. it 18 :red. 1.t. an &d..be tube mill 'by an automatic

r •• 4.~.

!he tube mill make. 27 reTolutl ••• per minute and usee 2'

horse power.

en Goarse material the mill grinds enough charooal in

.1ght ••ur8 t. keep a fUraae •••nt1Dually running. The screen ehow8 that
96~

.r

.or....

tke ehareoal o.m1ng ~rom'th. tu•• mill will pass a 181 mesh
!he charceal en cem1ftg

~rom

the tube mill is screenee and an

I50
elevator carr'ieo the fine to a storage bin, fl'·ou v,'here it empties direct
into one specially conetructed ...harcoal -nin and into another is conveyed
by a v'tonn.

conve~ror.

charcoal ia fed

'b~r

::r!"o~

these speciall:! constructed iron bins the

means of a worm f'eed-l the speed of which is regulated

a blower which wi th the air 'blast i5 forced into

by cone pulleys" into

the :furnace through a rub"ber hose of' 8" di&raeter.

The rttbber hose permits the ='''urnace tg be tipped up for
charging and down for tqpping.
The special charcoal

conetr~cted

bins were designed to

prevent packing of the charcoal and giTe fairly good satisfaction.

t I. SCRKBN

T~ST

OF CHARCOAL:

Preliminary crusher, with I/S" bar openings.
Fassing a

roo
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" •
• •
" "
" "
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"
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•

40

"
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All wou1d pass an 8 mesh screen.
#2 Preliminary crusher with
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"
"
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48
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mesh screen
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openinge.
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"
"
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"

"
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#3. Tube Mill

~ost charcoal I/2"-I" size 1"sed.

tsCrC'.7

lOO mesh screon

PafH5ing
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"
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"

"
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"
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J'UillTACE FDU1IDATIOU:

now two furnaces installed and room for t':vo !ilOre.

Tile.r'o

TIle

~oundations

t:Lc·.;ugh tIle

are of

CCL1.Gnt

and

cemen~

set on bed rock, with stay-boltB passing

~l1cho r8d

in the 'bed rock;

the dillJ.enBions Qf' the

roundations are shown in the drawing.

CONSTRUCTION

o.

FU&~ACE:

The furnace) a shell, 1s constructed of' I/2" steel whiGh
a horizontal cylinder 'and is lined with firo brick 8" thick.
cylinder' is ? ft. in diameter and 9

F~L'.

in length,

.fOrI!.l5

The

with~teel

heads at

the .ends·fI· and is encircled wi th tw. 2" rails which rest upon anti-frietiQJl

rollers that a.re attached to a steel fra:r.a.e in which the cylinder rests.
(7"'J-

The steel. frame is attached to two trunniona",on each side,
which resting upon two legs 8i..l.Pl)Ort the entire struct·i..tre similar to a

converter.

A bevel cear in a gear housing is attached to one of t}te

legs of the furna.ce and a. pulley attached to this gearing is cQnnected
to a

oount~r

shaf't pulley

b~T

a belt which servet3 to tip the

furnc~\.ce

up to receive the charge and down to pour the copper and slag.

Atta.ched tg the lower part of the frame 18 a gear fQr revolying the cylinder.

The gearing consists of a worm wheel which turns a

cog wheel. with angle eet cog to f'1t the

WOrLl

wheel Qr pulleys and a s}Jrocket e...'l-].ain.

The cog wheel is keyed to a shaft

and

i6

operCi-ted by sprocket

which in rotating turns the two anti-friction r@llers which are also
keyed te the shaft, and upon which the cylinder rests on one side , tnus
rQtating the furnace.

I

r'"f

.'

.

The sprocl.;:et chain is COlliH,cted to a countJr" sht..fi.. on V"dlieh is an "IdJ.er lt
by ~lich

the rotating of the furnace can be started or titopped instant-

The furnace is held in position in tipping up 'fer charging
and down for pouring my four rQllers, two Gf whioh are attaohed .n each
side of the cylinder tQ

&.

frame near the trunniana 'in cQunter position;

and by a rail which is attached t& and encircling the furnace which runs
between these rollers.

TIte furnace i8 constructed for 2 1/2 ton capacity.

YA11EB. J AOJaT I

Is placed in the center ef the back end .f the eylinder aDd

reluainfS stationary while t'he cylinder revolves.
ed by twe braces attached te the
chil~ney

being attached to

t~e

~rame

The jacket is support-

and the top of the chimney, the

water jacket, and by a 5eriee of rollers

and. riding rings.

The tuyere enters the cylinder through
the water jacket and is
\
contracted above and be10w and widened at the sides, eiving 9"
d~enslon6.

b~r

6-

This tends to spread the blast on entering the furnace.

Just aboYe the tuysre is a1\approxiuw,tely semi-circle shaped opening
6" high and 15- wide which .pens Int. a ohimney.

CHI:M:nY:
The chimney which is 4 ft. in height 1s made of sheet-iron
and lined with fire brick giving 15- by 24- d1meneiane in81de the brick.
TJ1ia chimney carries the flame and gases to the stack.

The

stack in use fer experimenta.l work i8 2 I/2 ft. in diameter a.nd twenty
feet

hi~l.

A dewn take may De used .r a passage far oonducting the

flame and hot gases te the boiler, thus utilizing the waste heat t.
make eteam.

Whether the Jl0t flame and gases oarrylng duet weuld cause

this passage ale. tUbes in boiler to clinker or n.t and it
exten~

.euld necessitate the experiment t. ebta1n such

80

t. what

in~ormati.n.

IS •
THE J..IIl'-TING OF THE" FURNACE •

The lining i8 made of the nost refractory brick, xligh in silica and low

lnbase, such "being necesnary on account o-r the slag running high in silica, as auch slag would take up the bases in the brick causing the brick
to wear rapidly.
The lining is the moat expensive part of all the repairs

~bout

the plant, as such being l)rought from the United States with freight,

duty and original coat makes it prol1ibitive only for exper1ffiental work.
The bricks are SW thick and maa8 to fit the shape of the
cylineer.
There is plenty of shale and an almost pure quartz ledge near
the plant, and 'llfith clay at $I2.00 a ton a lining with a brick lo.a.chine

can be made and put in the shell for $20.0. per lining.

The head lining upon which the blast i8
ten tQ twelve days of aix

~ii~rgca

~pinged

of 2 .8 tons each.

lasts from

The side and back

end last from twenty to twenty-two days.

At the end

Q~

such time, the brick

becor~thin

and permit se

much radiatien of heat that it is necessary to re-line the

furn~ce.

The copper in settling will chill when the brick are thin thus
leaving considerable "mush,;'" copper in the furna.ce when the furna.ce is
tapped alse increasing the lese in slag.

OPERATIOlT:
The charging .end has two doors, a large door and in center
of this large d.er is a emall door.
In charging, the furnace 18 first heated, then the blaet and.
charcoa.l blQWU through the furnace with the small dQor open until the
brick

beco~es

hot enough to ignite the coal when blown in with the blast.

The dQQr 18 then closed and the furnace is heate4 up to a good light
red heat.

The large door ef

~rnaee

is then opened and the furnaoe

tipped up and the charge previously made up by weight and dumped into

19,.

a charging bin with a pointed bottum, is then run into the furnace thro.

e. sheet iron chute.
is chilled

60

it is

The cold charge be in@; suddenly added the :f"urnace
neces~ary

on clos ing the large

cl1arging door to

0l)en the small door like in the :first heating up and allow the blast and
charcoal to pass through the furnace until the brick are sUfficently
heated to cause a contin'UOU5 combustion, when the blast and charcoal

are impinged upon tile head of the furnace wi til the small door closed.
T:l:lis preventB "puffing" in the furnac e and blowing back the charcoal

copper into the mould placed under the taPJ- A point.ed stick of hard wood
is inserted to increase the size of the opening and break the cruet of
chilled copper.

The copper flows from the furnace into the mould which

has been previously heated and coated with a mixture of ashes and adobe
thin mud.

This prevents the metallic copper sticking to the mould.

After all the copper hae -run out of the furnace about an inch of slag is
permitted to run

i~to

the mould covering the copper then it is allowed

to cool somewhat and dumped from the,mould into water.

The sudden

chilling causes the slag to fall away froI'! the copper leaving the bar
n brig11.t copper color.

The bars are then weighed and piled ready tor shipment.
When all the copper has run out of the furnace, on tapping ,
the flow of which is told by its bright coler and rapid running, the
slag follows having a darker red color and slower flow.
The alag is run into slag pots and rQlled te one side and
allowed to chill then is wheeled to a near by dump and the cone Qf the
chilled alag
cQp~cr

dUlrl.tJ~d,

"broken up and thrQVin over the dun.p.

16 in this way savod by the

~ettling

in the pote.

Cansidera'ble

A large slag

pot holding a. full charge WOi.lld no d,n.t'bt efft:ct a "bettt;:;r saving at! thus
could save the slag shell as well as the copper settling to the bottor.a.

CIGse examination of the slag in the pete shows that

ne&r~y

all the

-shot" copper cOllects, on account of the attrbction ef the irgn, at
or near the irgn aides .f the alag PQt8 ~r within 1/4 to 1/2 8 ef the irQn.
This sheJ.l ef 81ag CGuld be frfim a large :!:Jot easily saved

and charged back into the furnace in place ef the slag
With a track and a mule the coat ef

nQW uSdd.

di8p~siDg

of the slag

w~uld

be considerably leas.
When the

8~ag

haa a11 flowed aut of the furnace, the charging

doer is opened, the chimney cleaned, any a.ccretions that may "be adhering

to the water jacket

~barred"

off, furnace tilled up ready to receive

the next charge.
POWER:

Steam power is used, two

A~lis-Chalmers

one with a steam cylinder Qf £M by 12- making 15.
with a steam

c~rlinder

taking steam

~rom

one

Cempany'e engines,
revolution~,

the,other

12" by 16- making 158 revolutions per minute,
o~

the

tWQ

tubulsr fire return bcilers fired

alternatel:)r o:f estimated IOO horse power steaI:ling capaci ty, furnish the

power.
Tl:~:~

s~..::all

engine furnishes power to run an 8" by 12" Dodge

rock cruBher req:uiring 8 H.P.: I set of 12 1/2" by 12" rells requiring
3 I/2 H. fJ.; I eet of' 24" c:,t 10" rolls requirinG £l.bOtlt 8 H.P.: I sc::.~le
:rl~Tjirlng

:2 H.P.: ciyj.ng 21,.5 R.P. for t.he srnall engine rated at 25 H.P.

The large engine f'urni.shes power to run the tube mill requiring
20 H.P.: elevator requiring 3 :fI.F.: two furnaces requiring about 8 II.P.
each; two feed convezrore 1/2 R.P. each; two buffalo #5 "blowers 2 H.P.
each ]'lalcing a total of' 44 H. p.
Three and a half" cords of wood are used .per twenty-four h.urs.
"ATER SUP1)LY:

A well 90 ft. deep, 4 ft. by 4 Ft. inside curb measurements
supplies an abundance of' water tor camp use, boilers a'nd S;nel ter, bes:tde5

he"1.d o:f steck per day.

minute capacity

Ptmp~

.A

Il6 Caneron

the water

fr~m

ptunp wi th about 60 galle,ns per

the well into four storage tanks.

A tin tank of I2,OOe gallons capacity ie located on a hill
just ba.cl<: ef the Smelt er giving sufficent head to deliver water allover
Ca.'l'!lP

by pipe line.

Another tin tank of' 6000 gallons with two wood tanks

o:f 8000 and 4000 gallms capacity each store water for the boilers and vrat-

er jacket.

~wo

to three gallons are used per minute by the water

jacke~,

running

inte a sump from the jacket discharge from where it ie pumped 'back to
the tanks, the such water 1e first pumped into a kind of cooler allowing the water to trick2e devm inte the tanka for cooling.
tVIQ

•

There are

feed water pumps fer the boilers, also a heater.
With four furnace8 all_wing installed giving a daily capacity

of' 45 tell., allew ane furnace t.

necessary to the
Estimated

cost;

~;:Jtimated COlit

"
"

~u~naces

COtlt

ea. out .r c8rnmissiun far repairs

frem time te time, have the toll.wing estimated

of compJ.ete pla.nt $35,000.

of treating I ton of ore in plant

$4 .. 45

"

It

mifting

I

ten ef ore 1n plant

$3 ...

"

n

hauling

I

ten of ere in Iila.nt

.75

Inter'est en t-ne investment per to.

---!-~._--

Total cost o:f treating I ton of' ore
Tile abQve process i8 only

$8.6.

applicable to isolated mining Ca.Tnli8 where cost

of traneportatiQn ef ere te Smelter or coke to the mine is prohibit1Te.
The small capacity makes tlle process expensive in comparison
to the water jacket blast furnace, tho on a. carbonate ere producing bl18ter copper at one'operation the 10S8 in the slag is much less than that

of the blast furnace.

The above is 8ubnitted to the FACULTY OF THE SCHOOL OF MINES for

degree in I\!ining Engineering.

June, 1908.

